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•  ScienAﬁc	  goals	  
•  The	  POLARBEAR	  
instrument	  	  
•  First	  season	  
results	  




Predicted	  PolarizaAon	  Power	  Spectrum	  
B-­‐Modes	  
E-­‐Modes	  




Lensing	  potenAal	  map	  from	  	  
correlaAng	  across	  angular	  scales	  in	  T,E,B	  
•  Reconstruct	  
gravitaAonal	  potenAal	  	  




•  DeﬂecAon	  map:	  
– De-­‐lensing	  
Planck	  2013	  results:	  XVII	  






















Huan	  Tran	  Telescope	  
ElevaAon:	  5200	  m	  
Aperture	  stop	  
2.1m	  
POLARBEAR	  Cryogenic	  Receiver	  
1274	  superconducAng	  TES	  
bolometers	  (2	  per	  pixel)	  




polarizaAon	  with	  each	  
pixel	  
	  
•  ModulaAon	  of	  CMB	  
PolarizaAon:	  
–  Half-­‐wave	  plate	  
–  Apparent	  sky	  rotaAon	  
	  
•  Low	  sidelobe	  response	  
–  Co-­‐moving	  baﬄing	  





















Instrumental	  Bias	  EsAmaAon	  
End-­‐to-­‐end	  simulaAons	  using	  measured	  instrument	  
characterisAcs	  and	  cross-­‐checks	  
Conﬁrmed	  all	  known	  systemaAcs	  are	  much	  smaller	  than	  
staAsAcal	  uncertainty	  before	  “unblinding”	  the	  spectrum	  
Theory	  B-­‐modes	  
Sum	  of	  all	  systemaAc	  terms	  
Binned	  StaAsAcal	  Uncertainty	  








POLARBEAR	  First	  Season	  ObservaAons	  
•  Three	  ﬁelds,	  24.5	  deg2	  total	  sky	  area	  
•  Map	  depth:	  5.5,	  8.5,	  7.6	  µK-­‐arcmin	  
•  Array	  sensiAvity:	  23	  µK	  s-­‐1/2	  
•  13	  calendar	  months	  of	  observaAons	  (	  May	  2012	  -­‐	  June	  2013)	  
Stokes	  Q	  map	   Stokes	  U	  map	  
First-­‐Season	  POLARBEAR	  Results:	  	  
Three	  B-­‐mode	  Analyses	  
Galaxy	  cross-­‐correla0on:	  
PRL	  112,	  131302	  (2014)	  
Deﬂec0on	  power	  spectrum:	  	  
PRL	  113,	  021301	  (2014)	  
All	  Spectra	  available	  on	  NASA	  LAMBDA	  site	  
All	  analysis	  use	  13	  calendar	  months	  of	  observaAons	  (	  May	  2012	  -­‐	  June	  2013)	  
B-­‐modes:	  Galaxy	  cross	  correlaAon	  
•  4.0σ	  evidence	  for	  gravitaAonal	  lensing	  of	  CMB	  polarizaAon	  	  
•  Consistent	  with	  SPTpol	  measurement	  
B-­‐modes:	  deﬂecAon	  power	  spectrum	  
97.2%	  rejecAon	  of	  “no	  




• Including	  esAmate	  of	  
foreground	  bias	  
Combining	  three	  
published	  results:	  4.7σ	  
rejecAon	  of	  “no	  lensing	  
B-­‐modes”	  

POLARBEAR	  -­‐>	  Simons	  Array	  
•  Simons	  Array	  
– SensiAvity:	  	  22,768	  total	  detectors	  	  
– ResoluAon:	  	  4’	  sys.	  error	  advantage,	  measure	  
lensing	  
– MulA-­‐chroic	  pixels	  with	  90/150	  and	  150/220	  GHz	  
frequency	  coverage	  
– Wide	  sky	  survey	  (fsky	  =	  65%)	  
– Scalability:	  	  Future	  expansion	  possible	  (more	  
telescopes	  and	  frequencies)	  
17	  
POLARBEAR-2: Sinuous Focal Plane 
•  POLARBEAR-1 
•  1,274 Bolometers 
•  150 GHz 
•  22 cm diameter 
•  4” wafers 
•  POLARBEAR-2 
•  7,588 Bolometers 
•  95/150 GHz pixels  
•  36.5 cm diameter 




365	  mm	  diameter	  focal	  plane	  
7,588	  bolometers	  
2-­‐band	  Pixel	  
19	  1.9	  m	  
0.88	  m	  
Lab	  tests	  underway	  of:	  
	  -­‐	  Assembled	  cryogenic	  
receiver	  
	  -­‐	  Prototype	  detector	  sub-­‐
arrays	  
	  -­‐	  40x	  frequency	  mulAplexed	  
readout	  
The	  Simons	  Array	  
3	  receivers	  (22,764	  bolometers)	  observing	  at	  95,150,220	  GHz	  
All	  hardware	  funded	  by	  the	  Simons	  Founda0on,	  MEXT,	  and	  NSF	  
95/150	  
150/220	  
Leverage	  POLARBEAR	  experience	  to	  rapidly	  
increase	  sensi0vity	  
2016:	  A	  150	  GHz	  /	  220	  GHz	  receiver	  replaces	  
POLARBEAR-­‐1	  on	  the	  original	  telescope	  
2016:	  A	  copy	  of	  POLARBEAR-­‐2	  
deploys	  onto	  second	  new	  telescope	  
2015:	  POLARBEAR-­‐2	  (95	  GHz	  /	  150	  GHz)	  
deploys	  onto	  ﬁrst	  new	  telescope	  
2014-­‐2015:	  Construct	  





polarized dust @ 95GHzp=15%, fsky=65%
polarized dust @ 95GHzp=15%, fsky=5%
polarized synchrotron @ 95GHz
p=15%, fsky=65%




95% c.l. upper limit on
the foreground residual
Simons	  Array	  SensiAvity	  
Residual	  computaAon	  method:	  Errard	  et	  al.	  2011,	  Phys.	  Rev.	  D	  84,	  063005	  
Foreground	  rejecAon	  
with	  95/150/220	  GHz,
	  Planck,	  &	  C-­‐BASS	  
	  
•  σ(r=0.1)	  =	  6×10-­‐3	  




•  σ(Σmν)	  =	  40	  meV	  	  	  
(w/DESI	  BAO)	  
In	  Summary…	  
•  POLARBEAR-­‐1:	  Three	  
analyses	  showing	  B-­‐modes	  
(CMB	  alone:	  4.7σ rejecAon	  
of	  no	  lensing	  B-­‐modes)	  
	  -­‐CIB	  cross-­‐correlaAon	  
	  -­‐DeﬂecAon	  power	  spectrum	  
	  -­‐ClBB	  	  
	  
•  Future:	  mulA-­‐chroic	  arrays	  
in	  the	  Simons	  Array	  
	  -­‐	  Increased	  sensiAvity	  
	  -­‐Foreground	  miAgaAon	  
	  
